In a recent article 2 on the occurrence of catalase in human tissues and its variations in diseases, it was shown that in various conditions individual organs were decidedly decreased in their catalytic activity. For example, a tuberculous lung showed a decrease which varied in direct proportion to the amount of caseous degeneration. This could be easily explained since in such a lung the living tissue is decreased and its blood content is diminished. This latter factor must be emphasized because the stroma of the red blood cells is very rich in catalase. As a consequence we find in such conditions as the red hepatization of pneumonia and in red infarcts, a great increase in the catalytic activity of the diseased tissue. On the other hand, although the caseous lung has a decreased activity, the blood and other tissues show no corresponding change except where there is a secondary anemia. Here the decrease explains itself, there being fewer red blood cells in the circulation.
In a large series of cases of nephritis, the kidney always showed a decrease in catalytic action. It was noteworthy, however, that the catalytic activity not only of the kidney but of the blood and other organs as well was decreased. This decrease varied to a great extent with the pathological findings, but it varied much more uniformly with the intensity of the clinical picture. Thus in the cases which clinically manifested uremic symptoms, there was the greatest decrease. In these cases the kidneys always showed extensive degenerative changes which varied between the two extremes of the 'Received for publication October 30, I9o8. 2 Winternitz and Meloy, Jour. of Exper. Med., I9o8, x, 759. 200 historic large white and the small granular types, while several showed acute changes superimposed upon chronic ones. The decreased activity of other organs, remote from the kidney was most significantly illustrated where some pathological change was present which under other conditions would have increased the activity of those organs. In several cases, for instance, there was a terminal pneumonia in the stage of red hepatization, and in these the lung showed much less activity than was usually found in red hepitization. Since the catalase of blood is contained in the stroma of the red blood cells, and these are unequally distributed in the postmortem clot, results obtained with post-mortem blood were considered unreliable. For this reason and also to determine whether the catalase of the blood was reduced during life in nephritis, the blood of several nephritic patients in the wards of the Johns Hopkins Hospital was examined. In all of these patients there was a slight reduction. In two instances urine of patients suffering with nephritis was mixed with the blood of a normal individual, and in both of these it inhibited the decomposition of hydrogen peroxide much more than normal urine used in the control experiment.
Briefly summarizing the above, we find that in nephritis the kidneys as well as the other organs including the blood show a decrease in their catalytic activity, while the acid urine from a patient with nephritis has a more marked inhibiting action upon catalase than normal urine. It was thought that the inhibition noted when acid nephritic urine was used might depend upon the reaction of the urine. These results led us to the conclusion that the kidney in nephritis secretes into the body substances which manifest themselves in the above described decrease of the catalytic activity of the blood and organs.
If this hypothesis proves to be true the determination of the catalytic activity of the blood should be an easy clinical method of differentiating nephritis from analogous clinical conditions as eclampsia, etc., where there is no decrease in the catalytic activity of the blood.
With these facts in mind this work was undertaken to determine, if possible, the following:
I. Is the urine of a nephritic more inhibiting to catalase than normal urine, or is the inhibiting action of the urine dependent upon its reaction? 2. Is the catalytic activity of the blood of a normal individual constant ?
3. Does the retention of the products of metabolism normally excreted by the kidneys in the urine have any influence on the catalytic activity of the blood and organs?
4. Does the kidney in nephritis secrete substances into the blood which inhibit catalytic activity or is the decreased catalytic activity of the blood and tissues in nephritis due to the inability of the kidney to excrete anti-catalytic substances normally present in the blood ?
5. What is the significance of the deceased catalytic activity of the blood and organs in nephritis?
Urine itself has no catalytic action, so to determine the influence it may have on an active organic catalyzer, as for instance normal blood, it is necessary only to mix them together. In this work the blood of a single rabbit furnished the catalase. The method employed was as follows: a graduated cylinder with capacity of ten cubic centimeters was filled to the mark indicating nine cubic centimeters with distilled water. Then the ear vein of the rabbit was punctured and one cubic centimeter of blood allowed to run in the graduate, giving a dilution of to o of blood in distilled water. It is necessary to further dilute this solution because in all of the experiments only five cubic centimeters of hydrogen peroxide were used and this could be decomposed by five cubic centimeters of a I to Io dilution in a few seconds. It was desirable to have the blood and hydrogen peroxide in such proportion that the five cubic centimeters of hydrogen peroxide would be decomposed during the first 15 to 30 seconds. Therefore, dilutions were made from this I to o stock dilution of the following strengths: I to 50, I to Ioo, I to 200 and I to 400. These were tested by the same method described in the previous article. The above table shows that a dilution of I to 50 yields a maximum evolution of gas from the five cubic centimeters of hydrogen peroxide in the first fifteen seconds, and the fact that up to the end of the first minute there is only a very insignificant further reaction shows that practically no undecomposed hydrogen peroxide is left. It was thought, therefore, that a I to 50 dilution would be a delicate indicator of any inhibitory action. Urines were obtained from several normal individuals and from several patients with nephritis in the wards. Toluene was used as a preservative. A dilution of I to 50 was made as follows: a solution of rabbit's blood diluted I to IO was obtained as above and I c.c. of this solution was added to 4 c.c. of urine. The total acidity of the urine was determined by Folin's method, i. e., precipitate Io c.c. of urine with saturated solution of potassium oxalate, then titrate against N/2o sodium hydroxide using phenolphthaleine as indicator. The total acidity is recorded in terms of cubic centimeters of N/20 sodium hydroxide. The curves (Fig. i) show the relation of the acidity of the urine to the catalytic activity of the blood.
These two cases show that the presence of nephritis alone is not the important factor in determining the inhibiting power of urine on the catalytic action of blood. On the other hand, they show that the curve of the catalytic activity of the blood-urine
mixture varies inversely with the curve of the total acidity of the urine. It seemed, therefore, of the utmost importance to eliminate the question of acidity and to test the action of urine that had been neutralized. The following tables will show duplicate readings, the unneutralized urines being above, the neutralized ones being below and designated by the letter N. It seems quite definitely established by the above experiments that the most important factor which determines the inhibiting power of any urine is its acidity.3 Likewise, when alkaline urine is examined it is found that the inhibition it exerts on the catalytic activity of the blood is similar to that observed with acid urine, that is, the greater the alkalinity the greater the inhibition. These experiments justify us in concluding that neutral urine, whether taken from a normal individual or a nephritic patient, has practically no inhibiting powers and that the slight inhibition which has been obtained in some of the determinations has been due to error in neutralization. This is the more likely since the color of the urines varied considerably from day to day, in this way interfering with the acidity determinations, and even slight variations from the neu-tral point considerably influence the inhibiting power of the urine (See Case VI).
Is the Catalytic Action of the Blood of a Single Individual Constant?-Before it is possible to determine variations in the catalytic activity of the blood of rabbits resulting from experimental conditions, it becomes necessary to determine what the daily variations in the blood of a normal animal are, and as a secondary consideration to note whether there are any variations in different animals of the same species. In the work which is to follow, the blood has been used in such dilution that the decomposition of the hydrogen peroxide is not entirely finished within two minutes. This is desirable in order to make the velocity of the reaction more conspicuous. By referring to the table of dilutions (page 4) it will be seen that a dilution of I to 200 answers this purpose. In all of the following experiments this dilution was used. The animals were kept over a definite period of time, usually a week, and each day their blood was tested. It will be sufficient then to refer to any of these cases and note that the catalytic action of the blood of a normal rabbit is constant; for the variations noted, fall within the error of the method.
On the other hand the activity of the blood of different rabbits may vary within relatively wide limits. Just what this is dependent upon has not been determined, but it is significant that rabbits of the same litter and of the same grade of development have been much more constant than those where there was a visible difference in size and age. The younger and more poorly nourished ones have the least catalytic activity in their blood, while the older and better nourished ones seemed to have the highest activity.
In many of the following experiments it was necessary to anaesthetize the animal. It was important, therefore, to determine what influence prolonged .anesthesia had on the catalytic activity of the blood. Accordingly two rabbits were anesthetized with ether for half an hour. No change was found in the catalytic activity of the blood as a consequence of the prolonged use of ether.
Does Retention of the Products of Metabolism Normally Ex-:. creted in the Urine Have any Influence on the Catalytic Action of
the Blood and of the Organs?-Since it has been shown that the catalytic activity of the tissues of an individual who has succumbed to nephritis as well as his blood during life has a decreased catalytic activity, it has seemed that by entirely preventing the function of the kidney as an excretory organ some similar changes may result. Therefore, after the catalytic activity of the blood of two animals had been found constant for several days and their urine free of all pathological constituents, their ureters were doubly ligated and cut between the ligatures. They recovered rapidly from the anaesthesia and the operation.
No. i lived seventy-eight hours and died under uremic symptoms. At autopsy the operative incision was healing per primam and there was no sign of infection. The peritoneal cavity contained a slight excess of greenish fluid. Both ureters were found cut and ligated, the proximal ends retracted and their walls extremely congested. The kidneys were swollen and pale and on incision exuded a considerable amount of urinous fluid. The pelves were not dilated but contained a quantity of granular material which was microscopically composed of renal epithelial cells, hyaline, granular and epithelial casts. The cortex was swollen and showed yellowish areas of degeneration throughout. Microscopically the tubules throughout the kidney were dilated and contained within their lumina desquamated epithelial cells, casts and detritus. The epithelial lining was everywhere swollen and showed extensive parenchymatous, granular and vacuolar degenerations. The glomeruli were prominent due to the congestion. The liver showed an extensive vacuolar degeneration which began about the hepatic veins and extended almost to the portal spaces. No. xi lived seventy hours. The autopsy findings were practically identical with those of No. i.
At the end of every autopsy five grams of kidney, liver and lung were carefully weighed and 20 per cent. aqueous extracts made by grinding each organ in a mortar with finely divided washed-white sand. At least three extractions were made in every case, the emulsion being strained through coarse toweling by pressure. One cubic centimeter of the 20 per cent. cloudy extract thus obtained was' placed in a salt-mouth bottle with 4 c.c. of distilled water; a small vial containing 5 c.c. of neutralized hydrogen peroxide were then placed in the larger bottle which was connected with a gas burrette and the catalytic activity of the organ determined. These results will be found in each case beneath the table of the catalytic activity of the blood. The above tables show clearly that while the catalytic activity of the blood was constant before the ureters were tied, following the operation it rapidly declined until death. Furthermore, both the liver and kidneys show a decided decrease in their catalytic activity as is readily seen by comparing the above results with those obtained from the organs of a normal rabbit.
Figs. 2 and 3 are charts of the catalytic activity of the blood from day to day in which, however, only the readings of the first fifteen seconds are recorded.
Does the Kidney Excrete any Catalytic Inhibiting Substance, or is the Decreased Catalytic Activity of the Blood in Nephritis Due to the Inability of the Kidney to Excrete Anti-catalytic Substance Nor-
mally in the Blood?-In the last series of experiments although the excretory function of the kidneys was eliminated, the possibility of their influencing the catalytic activity of the blood by an internal secretion or by any process which their presence might effect could not be eliminated. Therefore, it was determined to try what effect the extirpation of the kidneys would have on the catalytic activity of the blood. This experiment was performed in the two following ways:
I. Bilateral simultaneous nephrectomy. 2. Unilateral nephrectomy followed, after the lapse of an interval of time sufficient for the animal to recover completely, by extirpation of the second kidney.
FIG. 3.
The operation was done under ether anesthesia through the midline. This operation was preferred since by this route the kidneys could be easily reached and the operation quickly finished.
Rabbit No. 26.-The animal recovered promptly from the operation and seemed very comfortable for the first thirty-six hours; then it showed some respiratory distress, and bleeding became more and more difficult. After forty-eight hours it could not be bled from the ear and the experiment was concluded by anaesthetizing the animal, exposing its heart and using the heart's blood for a final determination. At autopsy the incision was found healing well and there was no sign of infection about the ligated vessel or ureters.
The following table shows that while the catalytic activity of the blood was quite constant until the time of operation as early as three hours after there was a perceptible fall in the activity which continued throughout the life of the animal.
Blood The curve of the catalytic activity (Fig. 4) as determined in the first fifteen seconds is quite typical of the entire process.
It is only necessary to compare the above table and curve with that of Rabbit No. I when it is found that they agree in every detail. Following bilateral extirpation of the kidneys, or bilateral ligation of ureters the catalytic activity of the blood immediately begins to decline and continues to do so until death. These results make it improbable that an internal secretion of the kidneys has any influence on the catalytic activity of the blood. Neither does it seem that any function they may subserve aside from their function as excretory organs enters into consideration in this regard.
Rabbit No. I8.-The animal was etherized and the left'kidney extirpated through a left rectus incision.
The animal recovered promptly from the operation.
Microscopic examination of the kidney showed no pathological change. Following nephrectomy the catalase of the blood soon began to fall and with this the animal's condition became rather grave. Unfortunately in this case the urinary findings were not determined but in several similar cases where these were carefully watched, it was found that besides albumin and , _ _ casts the amount of urine became greatly diminished. In this case the course of the experiment showed that the other kidney was able to compensate for the loss of the extirpated kidney. On the other hand in Rabbit No. Io in which one kidney was removed after an experimental nephritis followed by ur;cmia had been produced, the remaining kidney could not compensate for the sustained loss and the animal died. In this case the catalytic activity of the blood de-
creased from the time of operation until death (see Fig. I3 ). However, after being quite low for several days the catalytic activity of this animal's blood (No. 8) again began to rise rapidly and assumed a constant level somewhat higher than that at which it had been previous to operation. At present I cannot venture an explanation of this occurrence. The same result was obtained in several nephrectomized animals as well as in animals in which an experimental nephritis had been produced.
After the catalytic activity of the blood (No. 18) had become constant, the right kidney was removed through a right rectus incision. This showed microscopically a slight dilatation of the uriniferous tubules and some swelling and vacuolar degeneration of their lining membrane. The glomeruli were enlarged and an occasional cast was seen. The animal lived fifty-five hours after the second operation. At autopsy nothing abnormal was made out. There was no sign of inflammatory reaction about either operative wound.
The following table is a record of the catalytic activity of the blood during the experiment. It will be observed that the end result is the same when both kidneys are removed at once, when they are removed separately in two stages, and when the ureters are ligated. At present it may
be assumed that the decline in the catalytic activity of the blood is a direct result of the retention of metabolic products normally excreted by the kidneys in the urine. It seems that as far as the catalytic activity of the blood is concerned only this function of the kidneys enters into consideration.
It remains now to see whether the retention of urine in the body FIG. 5. after it has been excreted by the kidneys has any similar influence. First, however, the fall following the primary nephrectomy in No. I8 is worthy of note. There seems little doubt that in this animal the crucial point had been reached and had the catalytic activity of its blood not soon begun to rise the low action could probably have been taken as a serious prognostic sign. This was shown in No. x (Fig. 3) where the remaining kidney could not compensate since it was diseased and together with the steady fall of the catalase the symptoms became more and more grave and the animal died. It seems, therefore, that this reaction may prove of significance in post-operative cases where it is necessary to know the sufficiency of the remaining kidney.
What is the Effect on the Catalytic Activity of the Blood if the Kidneys are Allowed to Excrete
Urine, but the Urine is Retained in the Body?-The catalytic activity of the blood is greatly diminished if no urine is excreted, no matter whether the kidneys are left in the body or not. It seems desirable, therefore, to conduct experiments with a view of determining the catalytic activity of the blood in such cases where the kidneys are able to discharge urine, while at the same time the urine is retained in the body. In the three following rabbits, Nos. 15, 6, 17, the ureters were cut, the distal ends being tied while the proximal ends were allowed to drain into the peritoneal cavity. After operation the animal seemed quite well for the first thirty-six hours. Its abdomen became slightly distended, and its distention increased gradually. There was a distinct movable dullness in the abdominal cavity. At midnight on August 5 he was found with his head on the side of the table breathing laboriously, and had a very feeble pulse. He died at 12.IO.
The autopsy showed the scar in the anterior abdominal wall healing per primam. The abdomen was markedly distended. The abdominal cavity contained a large amount, about 300 c.c., of a cloudy, yelowish fluid. This showed microscopically many epithelial cells of renal type, a few large, swollen squamous cells and a few white blood cells and flakes of fibrin. The peritoneal surfaces over the large intestine were everywhere injected. The left ureter was distended and injected, due to inflammatory adhesions which constricted its free end. The distal end was ligated. Along the course of the left ureter, in the retroperitoneal tissue there was an extensive infiltration of fluid similar to that found in the abdominal cavity.
The left kidney was very much enlarged and presented a curious appearance, being mottled, large reddish-black areas alternating with pale brown areas. The cortex was swollen, and grayish yellow opaque areas were scattered
through it. The pyramids were pale except where the areas of hemorrhagic infiltration had invaded it. The pelvis was slightly dilated and contained a golden yellow material which on microscopic examination was composed of many cells, among which numerous red blood cells and renal epithelial cells were found. The right ureter was normal in position and appearance. The proximal end was patent. The distal end was closed by a ligature. The right kidney was smaller than the left, but had the same general appearance externally. On section it resembled the left except that there were no yellowish gray areas of degeneration found and the pelvis was free of cellular detritus.
Microscopically the kidneys showed their tubules to be dilated with the epithelium swollen, pale-staining, granular, and here and there desquamated. Considerable amounts of extravasated blood were found both in the glomeruli and in the tubules. (The appearance of the epithelial lining cells of both the uriniferous and collecting tubules full of fluid, as they apparently were, impressed one as if they were reabsorbing the urine from the tubules.)
The twenty per cent. aqueous extracts of the organs exhibited the following catalytic activity:
Seconds. This experiment is unsatisfactory in as much as the left ureter was occluded. It is, however, interesting to note that there was a primary rise and then, as the one ureter was occluded, a slight fall. This will be clear as soon as the remaining cases of this series are studied. This animal died fifty-seven hours after operation. The abdomen had become distended. There was marked movable dullness and the kidneys seemed somewhat enlarged. At autopsy the abdominal cavity contained a large quantity of cloudy yellowish fluid which coagulated on standing. The peritoneal surfaces were everywhere covered by a very extensive fresh, fibrinous exudate. The incision, however, was healing by first intention. The ureters were cut near the entrance to the bladder, but the proximal ends were patent and their walls normal in appearance; the distal ends were tied. I1 .
and of a grayish color. The cortex was swollen and pale. The pyramids were slightly congested. The pelves were quite normal. Microscopically the kidney tubules were slightly dilated and their epithelium swollen slightly. The liver showed some parenchymatous swelling of its cells.
FIG. 7.
Twenty per cent. aqueous extracts of the organs had the following catalytic activity. etc.
It will be noted that in this case there was a marked rise in the catalytic activity of the blood and no decrease in the activity of the tissues, despite the fact that the animal had not voided urine for fifty-seven hours, and there was an extensive peritonitis following the drainage of the urine into the peritoneal cavity. At 5 A. M., August 13, sixty-four hours after operation, the animal was found dead, quite cold and rigid. He had shown no untoward symptoms five hours previous, except a palpable enlargement of the kidneys and a constant steady decline in the catalytic activity of his blood. It seemed that somehow the ureters must have been occluded as the catalase here followed exactly the same curve as in Rabbit No. Ii, and entirely different from that of No. 6, where a rise was noted.
At autopsy the abdomen contained no excess of fluid, but a few strands of fibrin were found on the peritoneal surfaces. The distal ends of the cut ureters were ligated, the proximal ends were much retracted and dilated, measuring above I cm. in diameter. Their free ends were closed by an inflammatory reaction. Their walls were markedly injected. The kidneys were mottled just as in Rabbit No. 15 except that microscopically the tubules were much more dilated and contained large quantities of serum and cellular detritus.
Twenty per cent cloudy extracts of the liver and kidney showed a marked reduction in the catalytic activity.
Summarizing this case, there was a very slight peritonitis, probably due to the primary extravasation of urine. This was most marked about the cut ends of the ureters and occluded them, causing bilateral hydro-ureter. As a consequence the catalytic activity of the blood and tissues assumed the same curve as when the ureters were ligated. (See Nos. i and xi, pages I4, I5.) On the Fri. 8. other hand in No. 15 where only one ureter was occluded there was a primary rise accompanying the peritonitis, but this rise was soon off-set by the retention of urine from the occluded kidney, while in No. 6 where both ureters were pouring urine into the peritoneal cavity there was a very marked rise. It seemed necessary to adopt a more satisfactory operation where there could be no occlusion of
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the ureter and the urine would flow freely into the peritoneal cavity. Therefore, in Rabbit No. 23 instead of making a complete section of the ureters, these were nicked, small scissors inserted into their 
222
Aug.
4
< -lumen and the wall cut on one side only for a distance of several centimeters. The ureter was then ligated distal to the false opening.
The animal's abdomen rapidly became distended and there was marked movable dullness. It died after thirty-one hours. At autopsy, there was a large excess of cloudy amber-colored fluid in the peritoneal cavity which coagulated on standing. The peritoneal surfaces were covered by a fibrinous exudate as in No. 6. There was no inflammatory reaction about the urefers and both drained freely into the abdominal cavity. The kidneys were slightly swollen, of a deep pinkishbrown color. The cortex was swollen, the strike normal. The 20o per cent. cloudy aqueous extracts of the liver and kidneys showed no reduction of their catalytic activity. This case corresponds in every detail to No. I6. Following drainage of the ureters into the peritoneal cavity there was an extensive peritonitis accompanied by a rise in the catalytic activity of the blood and organs.
Rabbit No. 24.-In order to minimize any possible reflex influences the section of the ureters might have on the renal function, the urethra was ligated, an elliptical piece excised from the fundus of the bladder, and the mucosa and serosa whipped together, leaving a wide opening between the bladder and the peritoneal cavity. 
Blood-Dilution
After operation, the abdomen of the animal gradually became distended. The animal became stuporous and forty-five hours later was killed with ether since its blood pressure was so low that blood could no longer be obtained from the ear vessels. At autopsy the abdomen contained about 300 c.c. of turbid yellow fluid, containing microscopically many large mononuclear cells which FIc. Io. were actively amceboid, few polymorphonuclear and red blood cells. The peritoneal surfaces were covered by a dense fibrinous exudate. The bladder was collapsed but the artificial mouth was wide open. The ureters were normal, the kidneys slightly swollen, especially the cortex. Their catalytic activity was not reduced. This case corresponds both in its pathological findings, and in the catalytic activity of the blood and tissues to Nos. 23 and I6.
From the above experiments we see that when the kidneys are allowed to excrete urine and the urine is drained into the peritoneal cavity, whether through the severed ureters or the bladder, there is an entirely different effect on the catalytic activity of the blood and tissues. When the ureters are tied or the kidneys extirpated there is a diminution of the catalase of the blood and the organs. When the kidneys discharge urine and the urine runs into the peritoneal cavity the organs suffer no change in their catalytic activity but there is a marked rise in the catalase of the blood accompanying the peritonitis. How can this rise be accounted for ?
Rabbit No. 25.-After the catalytic activity of the rabbit's blood had been found constant for ten days, the animal was anaesthetized, the abdomen opened and several slices of potato saturated with a broth culture of staphylococcus aureus were placed in the peritoneal cavity. The wound was then closed. The animal recovered from the operation quickly but soon became drowsy and after thirty hours it was killed with ether. The abdominal cavity contained a slight excess of fluid, and the peritoneal surfaces were covered by a fibrinopurulent exudate which was most marked about the potato shavings. The organs showed parenchymatous degeneration.
In this case too a rise of the catalytic activity of the blood followed the experimental bacterial peritonitis just as in the cases of peritonitis following the drainage of urine into the peritoneal cavity. The determination of the catalytic activity of the blood may aid the early clinical diagnosis of inflammatory processes of the peritoneum. The rise of the catalytic activity of the blood following the drainage of urine into the peritoneal cavity can be accounted for by the peritonitis which invariably followed, and, there- fore, there is no necessity to assume that the retention of urine in the body plays any r6le in this regard. When the ureters are ligated or the kidneys are extirpated, the catalytic activity of the blood and tissues decreases. These facts may perhaps best be explained by the assumption that the kidneys change substances circulating in the blood into urinary products devoid of any influence on catalase. If the kidney cannot effect this change, these substances remain unaltered in the circulating blood and by their presence inhibit the catalytic activity of the blood and organs.
What is the Significance of the Decreased Catalytic Activity of the Blood and Tissues in Nephritis?-Experimental nephritis was produced in rabbits by the subcutaneous injection of uranium nitrate. In doses of fifteen minims, a one per cent. solution of uranium nitrate invariably killed a full grown rabbit; ten minims usually killed, but in some cases the animals survived. After five minims the animals always lived but in several instances showed marked uremic symptoms. All the animals were kept in metabolism cages and the total quantity and specific gravity of their urine determined each day; the albumin and microscopic findings were recorded.
The cases may be divided into several groups: I. Those that died after one injection. 2. Those that showed marked uremic symptoms after one or two injections but recovered.
3. Those that lived over a period of months and had several injections, finally dying of nephritis.
GROUP .-Four animals receiving io, 15, I5 and 20T 1 of uranium nitrate, respectively, are included in this group. It will be sufficient to describe the following case as a typical one. These notes are abstracted from its history.
Rabbit No. 5. July i9.-On July 6 the animal received 20 1 of a one per cent. solution of uranium nitrate subcutaneously. For the past two days it has had diarrhea, and has eaten little; its urine has decreased in amount, T'his morning it was found lying in a cage with marked respir:ltory distress. Dulrig the morning it had many convulsions in which the whole body ilhook for i,-ver:dl minutes. The convulsions were most marked in the head and extremitie. The animal's condition constantly grew worse and at 2 P. M. it died.
At autopsy the abdomen was slightly distended. The peritoneal cavity contained a slight excess of yellowish clear fluid. The peritoneal surfaces, however, were smooth and glistening. The kidneys were slightly enlarged. Their surfaces were mottled, grayish-brown areas alternating with hemorrhagic ones. The pelves were slightly distended. The cut surface showed a zone of hypermania about the periphery of the pyramids, and a grayish area of degeneration at the base of the cortex. Similar small, yellowish areas were found throughout the cortex. The bladder contained several cubic centimeters of clear amber-colored fluid in which many casts and a large amount of albumin were found.
Twenty per cent. aqueous extracts of the kidney and liver gave the following catalytic activity. Microscopically the kidney showed extensive degeneration of the epithelial lining of the tubules. These cells were swollen, granular, vacuolated, and in places extensively desquamated, while in the lumen of the tubules, large amounts of detritus and granular and cellular casts were found. The glomeruli were slightly congested. In Fig. 12 the solid dots represent the activity of the catalase of the blood in cubic centimeters of oxygen evolved during fifteen seconds (see figures on left side); the skeleton dots represent the total daily excretion of urine in cubic centimeters (see figures on right side of chart). The urinary findings are found at the bottom of the chart. This is a typical case of the group of acute nephritides where there is a decreased urinary excretion with large amounts of albumin and casts and extensive renal degeneration. The above chart shows the curve of the catalytic activity of the blood, declining in exactly the same manner as the curve of urinary excretion. It will be noted also that the catalytic activity of the tissues was greatly reduced. Practically the same results were obtained in this case as in those where there was a retention of urine, due to ligation of the ureters or bilateral nephrectomy.
GROUP 2.-In this group there are two animals that recovered from attacks of uremia. One of these will be described.
FIG. I2.
Rabbst No. o.-The following notes were abstracted from the history. August Io.-After the urine had been found quite normal, and the catalytic activity of the blood almost constant for two weeks, the animal received, on July 29, 5 1 of one per cent. solution of uranium nitrate subcutaneously. Its-urinary excretion dropped gradually and on August 3 there was total suppression which continued for thirty-six hours. Its condition during this period was analogous to the condition of the other animals just before they had died consequent upon the injection of uranium nitrate. Its respirations were labored, and its pulse weak. The catalytic activity of its blood likewise decreased, falling lowest on the day when there was no excretion of urine. On the night of August 3 it began to void urine, and by noon of the next day it had excreted 220 .c. Its condition immediately improved. The catalytic activity of its blood likewise increased rapidly, reaching normal on August 6, but the increase did not stop here. The level it assumed was, as in Rabbit No. 8, several points higher than it had been previous to the attack of turemia. The urine showed a large amount of albumin and casts. But this condition gradually diminished until on August 8 the urine was again free of pathological elements. The animal's weight declined rapidly during the severe illness, but gradually rose again to its previous level. It seemed of the utmost importance to determine the condition of its kidneys at this stage. Therefore, its left kidney was removed this morning. It was slightly enlarged and of a very pale chestnut-brown color. Its surface was smooth and homogeneous in appearance. On section the cortex was somewhat swollen and of a dull grayish-brown. The striations were regular but obscured. The base of the cortex was of a much duller gray color while the pyramids had a peripheral pink zone.
Microscopically, the tubules were markedly dilated; their epithelial lining was swollen and in various stages of degeneration, showing vacuoles, coarse and fine granules, and a slight amount of desquamation. This was much more prominent in the uriniferous than in the collecting tubules. All the tubules contained granular detritus which in places took the form of casts. The glomeruli showed swelling of their lining cells and some congestion of the capillary tufts. There was no increase in fibrous tissue except in a few small areas where there was only a very slight excess.
The catalytic activity of this kidney was:
August 19, 908.-Almost immediately after the operation the animal's condition became worse. The catalytic activity gradually dropped with only slight rises until August 19 when the animal died. The excretion of urine likewise dropped .and on August 13 there was total suppression. This decrease, however, only lasted eighteen hours when it again began to void irregularly. The last twenty-four hours of its life, it voided only a very few cubic centimeters. It became progressively weaker and died this morning. At autopsy it was found much emaciated. The wound in the right rectus had suppurated slightly. The abdomen was normal. There was no inflammatory process about the area where the left kidney had been excised, but the ligated vessels were completely covered by serous membrane. The right kidney was swollen, very pale brown, mottled by a few pinkish areas. On section the cortex was slightly thickened, the striations were obscured, and throughout the parenchyma yellowish-opaque areas of necrosis were seen. The pyramids were very pale. The catalytic activity of its tissues were determined as follows: There are several points of interest connected with this case. First.-With the suppression of urine and the onset of uraemia there was a decided drop in the catalytic activity of the blood. The same curve was obtained here as in cases with suppression of urine consequent upon ligation of the ureters. As soon as the kidneys again began to function the catalytic activity of the blood rose. It is of importance to note, however, that this curve follows the condition of the animals much more closely than the urinary findings. The urinary output varied markedly while the albumin and casts were in abundance, but these latter diminished rather than increased before the onset of uraemia. In Rabbit No. 13 this picture was exactly reproduced. Second.-Following the attack of uremia the catalytic activity of the blood was greater than it had been before an injection of uranium nitrate. This has been repeatedly observed and has been referred to under Rabbit No. i8. Its sig-thirty-six hours it became languid and showed a decrease in its urinary excretion, which contained a large amount of albumin and casts. The catalytic activity of its blood which had been quite constant became irregular. This condition continued until July 21, when the urinary excretion again increased in amount, and, although varying somewhat, assumed a slightly higher level than it had FIG. I4.
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had previous to the injection. The albumin and casts decreased in amount and were entirely absent on July 24. The catalytic activity of its blood became higher and remained so, though slightly irregular. The condition of the animal improved considerably so that on July 28 it was thought permissible to give the second injection of IO rl of uranium nitrate. Following the second injection the catalytic activity of the animal's blood gradually declined until its death. The output of urine, however, became very irregular; on the whole there was a much greater daily output than previously, and although at first the urine contained a large number of casts and considerable albumin, these were not constant findings and tended to decrease in amount.
The animal's general condition gradually declined and although it ate considerably and seemed lively there was a steady loss of weight.
It died on August 6, thirty-three days after the first injection of uranium nitrate. At autopsy the body was markedly emaciated; the kidneys were very small and of a pale yellowish color. The capsule striped readily leaving a smooth mottled surface, yellowish opaque lines criss-crossing between the pale brown areas. On section the cortex was seen to be markedly shrunken and varied considerably in thickness. The striations were distinct but not quite regular. Here and there a faint grayish streak of fibrous tissue was seen in the cortex and yellowish opaque lines could be made out throughout the parenchyma. The glomeruli were distinct as pink pin point dots. The pyramids were very pale.
Microscopically the cortex was extremely thin and the tubules shrunken together; their epithelium was vacuolated and desquamated in places and the lumina of the tubules showed large clear-staining droplets and few casts. The Malpighian corpuscles were small and showed a distinct inter-capillary glomerulitis. Everywhere one could see a small increase of fibrous tissue between the tubules and in places this was slightly more extensive, compressing the tubules in its vicinity.
The catalytic activity of the kidney and liver was as follows: The above experiment is significant for the following reasons: First.-The urinary excretion and the catalytic activity of the blood were both practically constant before the uranium nitrate injection. Following this, however, there was a temporary fall in both. Second.-After the appearance of the nephritis neither the output of urine nor the catalytic activity of the blood was constant; both showed marked variations from day to day. It is interesting to note in this connection that the only rabbit whose blood did not show a constant catalytic activity Showed at autopsy spontaneous nephritis. Third.-After the second injection of uranium nitrate there was again a fall from the high position the catalase had taken, and this fall continued with slight variations from day to day. This is the more important since the urine did not show any constant change; the amount was relatively greater than before the first injection and the presence of albumin and casts was inconstant. Therefore, though the kidneys may have been acting as competent filters something seemed to be retained in the blood which normally is removed by the kidney, and this retention manifested itself by the decrease of the catalytic activity of the blood. The conclusion seems justified that the functional sufficiency of the kidney manifests itself under certain conditions better in the catalytic activity of the blood than in the urinary findings.
The application of this work to clinical medicine is now in progress in the Johns Hopkins Hospital.
Urinary Chart. I. The inhibiting action of urine on catalase depends to a great extent on its reaction. The urine of a nephritic has no greater inhibiting power than normal urine provided the reaction of urines tested is neutral. --------A 2. The catalytic activity of a single rabbit's blood is constant from day to day.
3. There is considerable variation in the catalytic action of the blood of different rabbits.
4. Following ligation of the ureters the catalytic activity of the blood gradually decreases; the tissues of an animal which has died as a result of ligation of the ureters show a decided decrease in catalytic activity, when compared with those of normal animals.
5. Following bilateral nephrectomy the same decline of the catalytic action of the blood is observed as after bilateral ligation of ureters.
6. Following unilateral nephrectomy the catalytic activity of the blood may temporarily fall and then rise above its previous level, or it may fall continuously. Wherever the continuous fall occurs the animal dies.
7. When the kidneys are allowed to function but the urine is drained into the peritoneal cavity there is no change in the catalytic activity of the tissues post-mortem but a marked rise in the catalytic activity of the blood accompanies the resulting peritonitis.
8. The same rise in the catalytic activity of the blood is obtained in experimental bacterial peritonitis. This might be of diagnostic importance in determining early inflammations of the peritoneum. 9. A kidney functioning normally changes substances circulating in the blood into urinary products devoid of any influence on catalase. If the kidney cannot effect this change, these substances remain unaltered in the circulating blood and by their presence inhibit the catalytic activity of the blood and organs.
IO. Nephritis (Uranium Nitrate).-A. In acute nephritis there is a marked decrease in the catalytic activity of the blood and of the tissues post-mortem. The decrease in the catalytic activity of the blood may vary directly with the amount of urine excreted.
B. With the onset of uraemia the catalytic activity of the blood decreases markedly and follows in a general way the urinary findings, especially the total amount of urine. If the animal recovers the catalase gradually rises.
C. Although the catalytic activity of a normal rabbit's blood is constant from day to day, the activity of blood from a rabbit in which an experimental nephritis has been produced oscillates markedly. The catalytic activity of the blood may under certain conditions indicate the functional sufficiency of the kidneys much more accurately than the urinary findings.
Note.-Throughout the paper I have frequently mentioned "decrease catalytic activity of the blood and organs." I do not wish to presuppose with this statement the diminution of the amount of catalase in the blood and tissues, but only wish to point out that in the experiments the conditions were altered in such a way that the catalase displayed in some instances increased and in others diminished activity. From the experiments of Amberg and Loevenhart' it becomes evident that a greater or lesser activity of a ferment mixture does not permit a conclusion as to the actual amount of ferment present, since inhibiting or accelerating substances may exercise a determining influence on the ferment activity.
